The effect of ligand binding on the galactokinase activity of yeast Gal1p and its ability to activate transcription.
The galactokinase from Saccharomyces cerevisiae (ScGal1p) is a bifunctional protein. It is an enzyme responsible for the conversion of alpha-D-galactose into galactose 1-phosphate at the expense of ATP but can also function as a transcriptional inducer of the yeast GAL genes. For both of these activities, the protein requires two ligands; a sugar (galactose) and a nucleotide (ATP). Here we investigate the effect of these ligands on the stability and conformation of ScGal1p to determine how the ligands alter protein function. We show that nucleotide binding increases the thermal stability of ScGal1p, whereas binding of galactose alone had no effect on the stability of the protein. This nucleotide stabilization effect is also observed for the related proteins S. cerevisiae Gal3p and Kluyveromyces lactis Gal1p and suggests that nucleotide binding results in the formation of, or the unmasking of, the galactose-binding site. We also show that the increase in stability of ScGal1p does not result from a large conformational change but is instead the result of a smaller more energetically favorable stabilization event. Finally, we have used mutant versions of ScGal1p to show that the galactokinase and transcriptional induction functions of the protein are distinct and separable. Mutations resulting in constitutive induction do not function by mimicking the more stable active conformation but have highlighted a possible site of interaction between ScGal1p and ScGal80p. These data give significant insights into the mechanism of action of both a galactokinase and a transcriptional inducer.